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(57) An image processing apparatus for processing
pieces of color image data each including a plurality of
sub-pieces of color image data pertaining to the plurality
of color components respectively comprises: initial color
image inputting means; data dividing means responsive
to the initial color image data for dividing it in respect of
color components and for providing pieces of mono-
color image data each corresponding to one of the sub-
pieces of color image data of the piece of initial color
image data, the number of the pieces of mono-color im-
age data being equal to or larger than the number of the

color components; data processing means for effecting
a predetermined processing on each piece of mono-
color image data to provide secondary image data; and
secondary image data outputting means. One or more
pieces of mono-color image data, which belong to one
of the plurality of color components, are included in the
pieces of mono-color image data of the number equal
to or larger than the number of the color components,
and the total number of the data points of the pieces of
mono-color image data is equal to the number of the
data points of the piece of initial color image data.
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Description

Technical Field

[0001] The present invention relates to a processing
apparatus for processing image data of pictures taken
by digital cameras and the like, and more particularly to
an image processing apparatus or image processing
method enabling data to be processed or outputted
while keeping image data small in size or quantity.

Background Art

[0002] Usually a digital camera uses a single-plate
type of CCD or CMOS sensor, which is an arrangement
of lots of picture-taking elements or photodiodes. These
picture-taking elements lack the color discriminating ca-
pability, and therefore, the sensor is used along with a
color filter. There are two different color filters; one is of
the type of using three primary colors (red, green and
blue) and the other is of the type of using the comple-
mentary colors C, M and Y (abbreviated for cyan, ma-
genta and yellow). The former is called "Primary Color
Filter, and the latter is called "Complementary Color Fil-
ter". The typical primary color filter is a lattice arrange-
ment of green elements with red and blue elements
sandwiched therebetween to be in conformity with the
Bayer primary color system. On the other hand the typ-
ical complementary color filter consists of an arrange-
ment of cyan, magenta and yellow components, and ad-
ditional green component, which human eyes are sen-
sitive to. In taking color pictures with a digital camera a
mosaic color filter is laid on its sensor, allowing each
sensor element to detect a beam of light passing
through the overlying color filter element, thus perform-
ing a required detection in respect of colors. Specifically
each sensor element collects only one piece of primary
color information, and the undetectable part of the color
picture is interpolated, so that a final image may be pro-
vided.
[0003] Fig.6 shows the sequential image-processing
steps, illustrating how the color image data from a digital
camera, which is equipped with a CCD sensor and an
associated color filter of the Bayer primary color system,
is processed to obtain a final image.
The incident light is thrown onto the picture-taking sec-
tion 12 via the lens 11. The light is converted into electric
signal in the picture-taking section 12, and then is sub-
jected to A/D conversion so that the digital data of the
color image appears at the output terminals of the pic-
ture-taking section 12. Such digital data of color image
is diagrammatically shown as a piece of color image da-
ta 101. As seen from the color pattern 101, the data
structure comprises lots of red, blue and green consti-
tutional components R, B and G recurrently arranged
exactly in the same pattern as the primary Bayer sys-
tem. In the original picture treating section this color im-
age data 101 is subjected to the lens tone correction,

white balance and any other treatments which are re-
quired for retouching the original picture. Then, in the
data dividing section 14 the so treated image data is
separated into three sub-pieces of color image data,
each representing constitutional image pieces in re-
spect of the three primary colors R, G and B. These sub-
pieces of color image data are diagrammatically shown
at 102. As seen from the color patterns 102 the red-rep-
resentative image data is a representation of red ele-
ments distributed in the original picture 101, the sum of
"R"-distribution squares being equal to one fourth or
quarter (1/4) of the whole sensor plane; the blue-repre-
sentative image data is a representation of blue ele-
ments distributed in the original picture 110, the sum of
"B"-distribution squares being equal to one fourth or
quarter (1/4) of the whole sensor plane; and the green-
representative image data is a representation of green
elements distributed in the original picture 110, the sum
of "G"-distribution squares being equal to one half (1/2)
of the whole sensor plane. Every data-absent or blank
square is interpolated in the interpolating section 15.
These sub-pieces of color image data provided at this
step are diagrammatically shown at 103. It should be
noted that the data points of each piece of mono-color
image data 103 are equal to those of the picture-taking
elements of the camera's sensor in number. These mo-
no-color image data are subjected to YUV conversion
in the YUV converting section 16, and then, to the sec-
ondary treatment such as contour highlight and gamma
correction. The so treated data are outputted from the
output section 18, and then subjected to the most-adapt-
ability treatment in the "turning-to-being-most-adaptive-
to-display" section 19. Finally the image data is dis-
played on the display unit 20 or stored in the storage
medium 21.
[0004] Personal computers, cellular phones, PDAs
(portable information terminals for individuals) and other
information technology units have been developing
these days, and some of those devices have cameras
built therein. Under the circumstances it is required that
the image data from the output unit 18 is not only stored
or displayed but also sent via telephones, Bluetooth or
any other wireless communication means to different re-
ceiving ends. For example, such output data of picture
is attached to an e-mail.
[0005] As described above, the conventional image
processing method causes the output data to increase
three times as large as the original picture in quantities.
As is well known, the cellular phone, PDA or any other
portable information unit which is going to be redesigned
to have a digital camera built in, is required to perform
a variety of operations such as execution of some ap-
plications and communications, and accordingly it is
necessary that the quantities of the data allotted for in-
dividual operation be reduced to minimum possible. Dis-
advantageously the conventional data processing
method makes the output data amount increase three
times as large as the data amount which is determined
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from the sensor's definition. In order to permit such a
portable information device to accommodate the output
data, therefore, it is unavoidable to lower the sensor's
definition at the sending end. As for a signal bus be-
tween the portable information device and the digital
camera it is necessary that its band width be expanded
wide enough to accommodate the large quantities of
output data. Such broad-band bus cannot be practically
used because of the cost and space available in the de-
vice. As a matter of fact these make it difficult to build a
digital camera in the portable information device.
[0006] Another problem is that: as long as the portable
information device uses the conventional image
processing method in handling the image data from the
digital camera the image data cannot be processed at
an increased efficiency. Generally speaking, the dis-
plays of portable information devices are small in size,
and some of such displays can show only monochrome
images. On the other hand the camera is much higher
in definition than the display of the information device,
and accordingly the information device wastes or dis-
cards some of the lot of image data in transforming into
and showing images on the display of the information
device. Incorporation of images into e-mails requires no
images of high-definition. Therefore, it is demanded that
the image data be so controlled in quantities that a rel-
atively small amount of image data be used in the port-
able information device and that a relatively large
amount of image data be used to provide high-definition
images, for example for high-definition printing.
[0007] In view of the defects of the prior art as de-
scribed above one object of the present invention is to
provide an image processing apparatus or method ca-
pable of reducing a relatively large amount of output im-
age data from a high-definition camera to a relatively
small amount of output data as required.
[0008] In view of the defects of the prior art as de-
scribed above another object of the present invention is
to provide an image output unit capable of reducing a
large amount of output image data in a high-definition
camera to as small amount of output data as would be
required by a portable information device.
[0009] In view of the defects of the prior art as de-
scribed above still another object of the present inven-
tion is to provide a digital camera or portable information
terminal device equipped with an image processing unit
which is capable of curtailing the image data from the
high-definition camera.
[0010] In view of the defects of the prior art as de-
scribed above yet another object of the present inven-
tion is to provide a digital camera or portable information
terminal device equipped with an image output unit
which is capable of controlling the image data from the
high-definition camera in quantities and providing the
output image data of controlled amount to meet the need
of the portable information device.

Disclosure of Invention

[0011] According to one aspect of the present inven-
tion an image processing apparatus for processing piec-
es of color image data each including a plurality of sub-
pieces of color image data pertaining to the plurality of
color components respectively comprises: initial color
image inputting means for inputting an initial color image
data to be processed; data dividing means responsive
to the initial color image data for dividing it in respect of
color components and for providing pieces of mono-
color image data each corresponding to one of the sub-
pieces of color image data of the piece of initial color
image data, the number of the pieces of mono-color im-
age data being equal to or larger than the number of the
color components; data processing means for effecting
a predetermined processing on each piece of mono-
color image data to provide secondary image data; and
secondary image data outputting means for providing
the secondary image data, one or more pieces of mono-
color image data, which belong to one of the plurality of
color components, being included in the pieces of mono-
color image data of the number equal to or larger than
the number of the color components; and the total
number of the data points of the pieces of mono-color
image data being equal to the number of the data points
of the piece of initial color image data while the number
of the pieces of mono-color image data being equal to
or larger than the number of the color components,
[0012] The initial color image data is provided by tak-
ing a picture with a picture-taking unit comprising a CCD
or MOS sensor and a color filter in combination, and by
effecting the analogue-to-digital conversion on the sig-
nal from the picture-taking unit. Any other picture-taking
unit appropriate for the purpose may be used. Prefera-
bly the number of the data points in the initial color image
data (data-point number) is equal to the effective
number of the pixels of the picture-taking unit (pixel
number), but it does not matter whether the data-point
number is more or less than the pixel number. The initial
color image data may be subjected to some treatments
for modifying the original picture, such as lens tone cor-
rection, deficient pixel correction and gamma correction.
[0013] According to one embodiment of the present
invention the number of the data points of the secondary
image data is equal to or less than the number of the
data points of the initial color image data.
[0014] According to another embodiment of the
present invention the secondary image data includes
the color image data and/or the mono-color image data.
Thus, any apparatus which is intended to get the sec-
ondary image data from the image processing appara-
tus according to the present invention can have the color
image data and/or the mono-color image data, thus al-
lowing a free choice. Assuming that a cellular phone is
transmitting two-dimensional image data, the mono-
chromic image data can be selected for transmission to
the receiving end where only a small-sized data can be
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conveniently handled. Also, assuming that high-defini-
tion printing is required at the receiving end, both the
color image data and the mono-color image data could
be sent and used in forming and printing a high-defini-
tion color image. The data processing or data output de-
vice may be equipped with means responsive to instruc-
tions for selectively outputting either the color image da-
ta or the mono-color image data, or both
[0015] According to yet another embodiment of the
present invention the initial color image data includes
color data pertaining to the color components of the
RGB system, the color data being provided by a color-
picture taking device equipped with a photo-detector of
Bayer primary color component arrangement, compris-
ing a spatial-recurrent arrangement of minute structures
having first red-sensitive detection cells, second green-
sensitive detection cells, third blue-sensitive detection
cells and fourth green-sensitive detection cells all ar-
ranged in predetermined positions; and the data dividing
means is adapted to separate the initial color image data
into "R" data corresponding to the "R" component from
the first detection cells, "G1" data corresponding to the
"G" component from the second detection cells, "B" data
corresponding to the "B" component from the third de-
tection cells, and "G2" data corresponding to the "G"
component from the fourth detection cells, thus provid-
ing a total of four pieces of mono-color image data.
[0016] According to still another embodiment of the
present invention the initial color image data includes
color data pertaining to the color components of the
RGB system, the color data being provided by a color-
picture taking device equipped with a photo-detector of
Bayer primary color component arrangement, compris-
ing a spatial-recurrent arrangement of minute structures
having first red-sensitive detection cells, second green-
sensitive detection cells, third blue-sensitive detection
cells and fourth green-sensitive detection cells all ar-
ranged in predetermined positions; and the data dividing
means is adapted to separate the initial color image data
into "R" data corresponding to the "R" component from
the first detection cells, "B" data corresponding to the
"B" component from the third detection cells, "G1" data
representing the low-frequency component of the "G"
component from the fourth detection cells and "G2" data
representing the high-frequency component of the "G"
component from the fourth detection cells, thus provid-
ing a total of four pieces of mono-color image data.
[0017] According to still another embodiment of the
present invention the data dividing means includes data
converting means for effecting the low-pass filtering on
"R" data and "B" data next to the said "R" data and "B"
data respectively (for example, effecting local interpola-
tion and low-pass filtering (specifically re-sampling) on
"R" data and "B" data next to the said "R" data and "B"
data respectively), and for effecting conversion on each
"R" and "B" pixel in respect of pixel position and pixel
value to determine the corresponding pixel position and
value at the center each of the 2 x 2 minute structures

of "R", "G1", "B" and "G2".
[0018] According to still another embodiment of the
present invention the data processing means includes:
data transforming means for effecting RGB-YUV con-
version on the said "R" data, "G1" data and "B" data,
thus providing Y1UV data consisting of Y1 data for Y
component, "U" data for U component and "V" data for
V component; and image data forming means for form-
ing as the said secondary image data an image data
including the Y1UV data and/or G2 data.
[0019] According to still another embodiment of the
present invention the data processing means includes:
data transforming means for effecting RGB-YUV con-
version on the said "R" data, "G1" data and "B" data,
thus providing "Y1UV" data consisting of "Y1" data for
"Y" component, "U" data for "U" component and "V" data
for "V" component, and for effecting RGB-YUV conver-
sion on the said "R" data, "G2" data and "B" data, thus
providing "Y2" data for "Y" component; and image data
forming means for forming as the said secondary image
data an image data including the "Y1UV" data and/or
"Y2" data.
[0020] According to still another embodiment of the
present invention the data processing means further in-
cludes: data forming means for forming from the "Y1"
and "Y2" data "Y" data which is a single "Y" component
data; and image data forming means for forming the
secondary image data as including any one or all of the
"Y" data, "U" data and "V" data.
[0021] According to still another embodiment of the
present invention the initial color image data is from a
color-picture taking device using a complementary color
filter. The complementary color is cyan, magenta and
yellow relative to red, green and blue respectively, and
sometimes green, which human eyes are very sensitive
to, is added to these three complementary colors. Then,
there are four complementary colors in total
[0022] According to still another embodiment of the
present invention the data processing means further in-
cludes data reducing means for reducing a selected part
or parts of the "U" data and/or the "V" data. In one ex-
ample of data reducing means the "U" data and/or the
"V" data are sampled to reduce their data points in
number. In another example of data reducing means the
"G2" data bit depth is reduced from 8 bits per data point
to 6 bits or 4 bits per data point. The output data size
may be reduced by reducing the part which human eyes
are less sensitive.
[0023] According to still another embodiment of the
present invention the data processing means further in-
cludes data compressing means for effecting a prede-
termined data compression. A required data compres-
sion can be performed by the JPC or other well-known
methods. The color image data and/or the mono-color
image data may be compressed.
[0024] According to still another embodiment of the
present invention an image processing apparatus fur-
ther comprises: secondary image data inputting means
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for inputting the secondary image data; mono-color im-
age data forming means responsive to the secondary
image data from the secondary image data inputting
means for forming three pieces of mono-color image da-
ta, that is, a piece of red image data consisting of only
the red component, a piece of blue image data consist-
ing of only the blue component, and a piece of green
image data consisting of only the green component; in-
terpolated mono-color image data forming means for ef-
fecting a predetermined interpolation on each of the
three pieces of mono-color image data, and for forming
three pieces of interpolated mono-color image data, of
which the number of data points is equal to the number
of data points of the piece of initial color image data; and
interpolated mono-color image data outputting means
for outputting the three pieces of interpolated mono-
color image data. The three pieces of interpolated mo-
no-color image data relative to red, blue and green make
up together a single color image in the same way as in
the prior art. As described above, each piece of interpo-
lated mono-color image data has as many data points
as the piece of initial color image data. Accordingly the
data size increases, and the high-definition image data
is outputted. Thus, the user may have two options: to
output the small-sized secondary image data or to out-
put the three pieces of interpolated mono-color image
data for high-definition.
[0025] According to another aspect of the present in-
vention a digital camera is equipped with an image
processing apparatus as described above.
[0026] According to still another aspect of the present
invention a portable information terminal is equipped
with an image processing apparatus as described
above.
[0027] According to still another aspect of the present
invention an image output unit for outputting one or more
pieces of image data from a piece of color image data
including a plurality of sub-pieces of color image data
pertaining to the plurality of color components respec-
tively comprises: initial color image inputting means for
inputting an initial color image data; data dividing means
responsive to the initial color image data from the initial
color image inputting means for dividing it in respect of
color components and for providing pieces of mono-
color image data each corresponding to one of the sub-
pieces of color image data of the piece of initial color
image data, the number of the pieces of mono-color im-
age data being equal to or larger than the number of the
color components; secondary image data forming
means for forming from the pieces of mono-color image
data a piece of secondary color image data and/or piec-
es of secondary mono-color image data; and outputting
means for providing the piece of secondary color image
data and/or the pieces of secondary mono-color image
data, one or more pieces of mono-color image data,
which belong to one of the plurality of color components,
being included in the pieces of mono-color image data
of the number equal to or larger than the number of the

color components; and the total number of the data
points of the pieces of mono-color image data being
equal to the number of the data points of the piece of
initial color image data while the number of the pieces
of mono-color image data being equal to or larger than
the number of the color components,
[0028] According to one embodiment of the present
invention the total number of the data points of the sec-
ondary image data and those of the secondary mono-
color image data is equal to or less than the number of
the data points of the initial color image data.
[0029] According to another embodiment of the
present invention the initial color image data includes
color data pertaining to the color components of the
RGB system, the color data being provided by a color-
picture taking device equipped with a photo-detector of
Bayer primary color component arrangement, compris-
ing a spatial-recurrent arrangement of minute structures
having first red-sensitive detection cells, second green-
sensitive detection cells, third blue-sensitive detection
cells and fourth green-sensitive detection cells all ar-
ranged in predetermined positions; and the data dividing
means is adapted to separate the initial color image data
into "R" data corresponding to the "R" component from
the first detection cells, "G1" data corresponding to the
"G" component from the second detection cells, "B" data
corresponding to the "B" component from the third de-
tection cells, and "G2" data corresponding to the "G"
component from the fourth detection cells, thus provid-
ing a total of four pieces of mono-color image data; the
secondary color image data including the "R" data, "G1"
data and "B" data; and the secondary mono-color image
data including the "G2" data.
[0030] According to still another embodiment of the
present invention the secondary image data forming
means includes: data transforming means for effecting
RGB-YUV conversion on three pieces of mono-color im-
age data selected from the four pieces of mono-color
image data; and image data forming means for forming
the secondary image data as including the post
RGB-YUV conversion data.
[0031] According to still another aspect of the present
invention an image processing method for processing
pieces of color image data each including a plurality of
sub-pieces of color image data pertaining to the plurality
of color components respectively comprises the steps
of: inputting an initial color image data to be processed;
dividing the initial color image data in respect of color
components and providing pieces of mono-color image
data each corresponding to one of the sub-pieces of
color image data of the piece of initial color image data,
the number of the pieces of mono-color image data be-
ing equal to or larger than the number of the color com-
ponents; effecting a predetermined processing on each
piece of mono-color image data to provide secondary
image data; and outputting the secondary image data,
one or more pieces of mono-color image data, which
belong to one of the plurality of color components, being
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included in the pieces of mono-color image data of the
number equal to or larger than the number of the color
components; and the total number of the data points of
the pieces of mono-color image data being equal to the
number of the data points of the piece of initial color im-
age data while the number of the pieces of mono-color
image data being equal to or larger than the number of
the color components.
[0032] According to one embodiment of the present
invention the number of the data points of the secondary
image data is equal to or less than the number of the
data points of the initial color image data.
[0033] According to another embodiment of the
present invention the secondary image data includes
the color image data and/or the mono-color image data.
[0034] According to still another embodiment of the
present invention the initial color image data includes
color data pertaining to the color components of the
RGB system, the color data being provided by a color-
picture taking device equipped with a photo-detector of
Bayer primary color component arrangement, compris-
ing a spatial-recurrent arrangement of minute structures
having first red-sensitive detection cells, second green-
sensitive detection cells, third blue-sensitive detection
cells and fourth green-sensitive detection cells all ar-
ranged in predetermined positions; and at the data di-
viding step the initial color image data is divided into "R"
data corresponding to the "R" component from the first
detection cells, "G1" data corresponding to the "G" com-
ponent from the second detection cells, "B" data corre-
sponding to the "B" component from the third detection
cells, and "G2" data corresponding to the "G" compo-
nent from the fourth detection cells, thus providing a total
of four pieces of mono-color image data.
[0035] According to still another embodiment of the
present invention the initial color image data includes
color data pertaining to the color components of the
RGB system, the color data being provided by a color-
picture taking device equipped with a photo-detector of
Bayer primary color component arrangement, compris-
ing a spatial-recurrent arrangement of minute structures
having first red-sensitive detection cells, second green-
sensitive detection cells, third blue-sensitive detection
cells and fourth green-sensitive detection cells all ar-
ranged in predetermined positions; and at the data di-
viding step the initial color image data is divided into "R"
data corresponding to the "R" component from the first
detection cells, "B" data corresponding to the "B" com-
ponent from the third detection cells, "G1" data repre-
senting the low-frequency component of the "G" com-
ponent from the fourth detection cells and "G2" data rep-
resenting the high-frequency component of the "G"
component from the fourth detection cells, thus provid-
ing a total of four pieces of mono-image data.
[0036] According to still another embodiment of the
present invention the image processing method further
comprising the step of effecting RGB-YUV conversion
on the said "R" data, "G1" data and "B" data and/or the

step of effecting RGB-YUV conversion on the said "R"
data, "G2" data and "B" data.
[0037] Some preferred embodiments of the present
invention will be described below with reference to the
accompanying drawings:

Fig.1 shows a digital camera equipped with an im-
age processing apparatus according to one embod-
iment of the present invention;
Fig.2 shows schematically how a piece of color im-
age data is divided into pieces of monochromic im-
age data according to one embodiment of the
present invention;
Fig.3 shows schematically how a piece of color im-
age data is divided into pieces of monochromic im-
age data according to another embodiment of the
present invention;
Fig.4 shows schematically how the digital camera
having an image processing apparatus equipped
therewith according to the present invention can be
connected to and used with a PDA;
Fig.5 shows a digital camera equipped with an im-
age processing apparatus according to another em-
bodiment of the present invention; and
Fig.6 shows a conventional image processing ap-
paratus.

Description of Preferred Embodiments:

[0038] Referring to Fig.1, a digital camera 30 is
equipped with an image processing apparatus accord-
ing to one embodiment of the present invention. In the
digital camera 30 a beam of light reflected from a given
object passes through the lens 11, and falls onto the pic-
ture-taking section 12, in which the beam of light is con-
verted into digital color image data. In this particular em-
bodiment the picture-taking section 12 comprises a pho-
to-detector consisting of a single plate type of CCD sen-
sor or CMOS sensor and an associated color filter,
which includes a Bayer primary color component ar-
rangement. The color image data from the picture-tak-
ing section 12 can be schematically shown at the refer-
ence numeral 101. It is a spatial-recurrent arrangement
of minute structures representing red, blue and green
components respectively, and arranged in so predeter-
mined positions that the color image of the given object
is provided. This color image data undergoes some orig-
inal picture treatments such as lens tone correction, de-
ficient pixel correction, white balancing and gamma cor-
rection. After such treatments the color image data
structurally remains as shown at the reference numeral
101. The initial color image data thus treated is applied
to the data dividing section 31.
[0039] In the data dividing section 31 the initial color
image data is separated in respect of color components.
Consequently the sub-pieces of red, green and blue im-
age data 105 and another sub-piece of green image da-
ta 106 are provided. Referring to Fig.2, the manner in
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which these sub-pieces of mono-color image data can
be provided is described below in detail.
[0040] The initial color image data 110 comprises a
Bayer primary color component arrangement. Specifi-
cally the red component-representative data "R", the
blue component-representative data "B", and the green
component-representative data "G1" and "G2" are re-
currently arranged. The data dividing section 31 has a
color component separator 121 for separating the initial
color image data 110 into four pieces of mono-color im-
age data , that is, "R" image data 111, "B" image data
112, "G1" image data 113 and "G2" image data 114. The
total number of the data points of these mono-color im-
age data is equal to the number of the data points of the
initial color image data. Also, each piece of mono-color
image data has one and same number of data points.
[0041] The piece of "G1" image data 113 consists of
green pixels "G1" each found next to each red pixel "R"
on its left or right side in the initial color image data 101;
and likewise, the piece of "G2" image data 114 consists
of green pixels "G2" each found next to each blue pixel
"B" on its left or right side in the initial color image data
101. As for the number of data points: the initial color
image data 101 (see Fig.1) has a total of sixteen pixels,
that is, four "R" pixels, four "B" pixels, and eight "G" pix-
els. As seen from Fig.1, each piece of mono-color image
data 105 has four pixels (four "R", "G" or "B" pixels), and
therefore, it has four data points. Likewise, another
piece of mono-color image data 106 has four "G" pixels,
and therefore, it has four data points. Only for the con-
venience of illustration Fig.1 shows the initial color im-
age data as having the least possible number of data
points. As a matter of fact, the number of data points
corresponds to that of the pixels of the photo-detector,
specifically hundred thousands to million pixels. The da-
ta divider 31 may be equipped other functions, as for
example are shown in Fig.3.
[0042] Prior to division into the sub-pieces of mono-
color image data "R", "B", "G1" and "G2" in the color
component separator 121 the location of each "R" or "B"
pixel is given in terms of the center position of each
minute structure or cell, and then its pixel value is mod-
ified accordingly. Specifically "R" and "B" data are ap-
plied to an "N" input-and-one output filter 122 whose in-
put characteristics so overlap adjacent cells to renew
"R" and "B" pixel values. The positional relation between
adjacent pixels and the positional deviation relative to
the center of the cell are reflected in the filter coefficient.
For one example, a weighted average filter capable of
representing the inter-distance between adjacent pixels
is appropriate for the purpose.
[0043] As for the sub-pieces of green image data 113
and 114 supplied by the color component separator 121
they can be regarded as two signal sources, which are
connected to a two input-and-two output filter 123,
thereby separating into the low-frequency component
115 (G1') both signals have in common, and the remain-
ing high-frequency component 116 (G2'), as seen from

Fig.3. The required separation in respect of frequency
can be attained by a multi-band filter, which consists of
a low-pass filter and a high-pass filter.
[0044] Here, the low- and high-frequency separation
of G1 and G2 is performed on each minute structure or
cell, which contains one mono-color component. Alter-
natively a required filtering can be performed on adja-
cent pieces of G1 and G2 data in an overlapping fashion
by using an (N+M) input-and-two output filter so that the
common low-frequency components and the remaining
high-frequency components may be determined not on-
ly on paired G1 and G2 but also on G1 and G2 adjacent
to the paired G1 and G2. Thus, an efficient frequency-
separation can be attained.
[0045] Referring to Fig.1 again, out of the pieces of
mono-color image data from the data dividing section
31 the pieces of G1, R and B image data 111, 112 and
113 are converted into YUV type of data in the YUV con-
verting section 32, and then, the so converted data un-
dergoes the secondary treatment such as contour em-
phasis and gamma correction in the secondary treat-
ment section 33. The signal appearing at the output ter-
minal of the secondary treatment section 33 may be fed
back to the original picture treatment section 13 to be
used there in the white balancing. The YUV data and/or
"G2" data is outputted from the output section 35 as the
secondary image data.
[0046] The image processing apparatus according to
the present invention is similar to the conventional im-
age processing apparatus of Fig.6 in that the same
amount of data is handled in the original picture treat-
ment section. In the conventional image processor,
however, data undergoes the interpolation in the inter-
polating section 15, and as a result the number of the
data points to be treated in the YUV converting section
16 and the secondary treatment section 17 increases
three times as large as the initial color image data. In
contrast, in the image processor according to the
present invention the number of the data points to be
handled in the YUV converting section 32 and the sec-
ondary treatment section 33 decreases to three quarters
(3/4) of the number of the data points of the initial color
image. As may be understood, the image processor ac-
cording to the present invention practically reduces the
data amount to be handled down to one quarter (1/4) of
the data amount as the conventional image processor
would have to handle. The output data in the conven-
tional image processor is three times as large as the in-
itial image data in quantities whereas the output data in
the image processor according to the present invention
is equal to the initial image data., and one third of the
output data in the conventional image processor. It
should be noted that the reduction of the data amount
treated and outputted can be attained without losing any
piece of information contained in the original picture.
[0047] When further reduction of the output data is re-
quired, the secondary treatment sections 33 and 34 may
be equipped with means for compressing the YUV data
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and/or G2 data according to the JPEG method or means
for selectively discarding U and V component data from
the YUV data. Otherwise, the secondary treatment sec-
tion 34 may be equipped with means for reducing the
bit data depth in the G2 data.
[0048] As is apparent from the above, the amount of
the data appearing at the output terminal of the digital
camera equipped with the image processing apparatus
according to the present invention can be drastically re-
duced compared with the prior art digital camera. This
provides a great advantage in a portable information ter-
minal, such as a cellular phone equipped a digital cam-
era. A digital camera cannot be built in a small-sized
device such as a cellular phone without increasing the
band width of the data bus between the digital camera
and the cellular phone (see the data bus 51 in Fig.4).
Specifically the data bus must be increased in number
so that an increased amount of data may be transferred.
Any enlargement, however, must be limited to minimum
possible to meet the recent tendency of down-sizing in
the field of mobile devices.
[0049] In this particular embodiment the secondary
image data outputted from the output section 35 con-
tains three pieces of mono-color data equivalent to one
half of the sensor definition and one piece of mono-color
image data. Referring to Fig.4, one example of using
these pieces of information is described below. A digital
camera 30 which is equipped with a picture processing
unit according to the present invention is connected to
a PDA 50 through the data bus 51. In case it is desired
that a picture which is taken by the digital camera 30 is
made to appear in the display section 53, the color im-
age data contained in the secondary image data under-
goes the adaptability treatment in the "turning-to-being-
most-adaptive-to-display" section 52. The definition
with which the picture can be reproduced from the color
image data is one half of the definition of the sensor, but
this causes no problem because the display area of the
mobile information unit is small enough. In case the dis-
play of the PDA cannot show color pictures, or in case
the picture is attached to an e-mail (in either case data
reduction required), only the piece of mono-color image
data is selected and used. The digital camera 30 may
be designed to permit the output section 35 to selective-
ly output one of the YUV data or G2 data to meet the
occasional demand.
[0050] As may be understood from the above, the im-
age processor according to the present invention can
work efficiently to meet the characteristics of the partic-
ular device used in association with the image proces-
sor. Also, the image processor according to the present
invention can be responsive to the color picture taken
by a color picture-taking device for providing a given ap-
paratus with the color picture and/or monochromatic im-
age to meet the particular characteristics of the given
apparatus.
[0051] In case the secondary image data is stored, the
whole of the secondary image data is stored in the stor-

age medium 54. In case the high-definition color-image
reproduction is desired for example in printing, the re-
construction processing section 55 retrieves the sec-
ondary image data and turns into pieces of mono-color
data 102, and then they undergo interpolations in the
interpolation processing section 56, thus providing piec-
es of mono-color data 103 whose data quantities corre-
spond to the definition of the sensor. In the YUV con-
verting section 57 these high-precision pieces of mono-
color data undergo some treatments as required for par-
ticular purposes. As may be understood, an information
terminal with a digital camera built in according to the
present invention usually process small quantities of da-
ta, but it can meet the occasional demand of processing
large quantities of data.
[0052] Referring to Fig.5, a digital camera equipped
with an image processor according to another embodi-
ment of the present invention is described below.
[0053] In this digital camera 130 a beam of light re-
flected from a given object passes through the lens 11
to converge onto the picture-taking section 12 where the
picture is transformed into a piece of color image data,
which undergoes some required treatment in the origi-
nal picture treating section 13. Then, the piece of color
image data thus treated is directed to the data dividing
section 31 where it is separated into four pieces of red
image data (R), blue image data (B), green image data
(G1)and another green image data (G2). The digital
camera 130 works so far in the same way as the digital
camera 30 of Fig.1. Then, the digital camera 130 works
as follows: the pieces of mono-color image data R, G1
and B are converted into the Y1UV data, that is, pieces
of Y component data (Y1), U component data (U) and
V component data (V) in the YUV converting section 39,
and at the same time, the pieces of mono-color image
data R, G2 and B are converted into another piece of Y
component data (Y2) in the YUV converting section 39.
The Y1UV data undergoes some secondary treatment
such as contour emphasis and gamma correction. Fi-
nally the Y1UV data and the Y2 data are outputted from
the output section 42. The secondary processing sec-
tion 40 may have some additional functions of: reducing
some of the U and V data; forming from the Y1 and Y2
data a single piece of Y data whose data amount is twice
as large as that of the Y1 and Y2 data in terms of defi-
nition; and effecting JPEG-compression on some or all
of the data supplied to the output section 40.
[0054] For the convenience of understanding the em-
bodiments of the present invention above described are
shown and described as being consisted of indispensa-
ble structural elements. The present invention, there-
fore, should not be limited in scope to these embodi-
ments, which can be modified as for instance follows:
[0055] In separating the initial color image data into
some pieces of mono-color data in the above described
embodiments the piece of green data is divided into two
sub-pieces of green data, but any other piece of mono-
color data may be divided into two sub-pieces. For ex-
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ample, in handling an initial color image data whose ar-
rangement is different from the Bayer primary color
component arrangement, the piece of image data in-
cluding the color data pertaining to the red component
in the picture may be divided into two sub-pieces of mo-
no-color data. Also, it may be possible that the piece of
image data including the color data pertaining to the blue
component in the picture may be divided into two sub-
pieces of mono-color data. In this case out of the pieces
of color image data pertaining to the color components
in an initial color image data the one having the most
numerous pixels may be selected for division. Assuming
that the pixels in the piece of green data are larger than
those in the piece of blue data in number, the piece of
green data would be divided. In case the color filter is a
complementary color filter, four pieces of cyan, magen-
ta, yellow and green data are included in the piece of
initial image data, and it is, therefore, divided into these
four pieces of color data.
[0056] As seen from the above, the present invention
permits reduction of the processing data amount in a
given picture and of the outputting data amount without
losing any piece of information in the original picture.
[0057] Also, the present invention permits any given
device to be supplied with an appropriate amount of data
to meet the characteristics of the given device, thus as-
suring the efficient use of data.

Claims

1. An image processing apparatus for processing
pieces of color image data each including a plurality
of sub-pieces of color image data pertaining to the
plurality of color components respectively compris-
ing:

initial color image inputting means for inputting
an initial color image data to be processed;
data dividing means responsive to the initial
color image data for dividing it in respect of
color components and for providing pieces of
mono-color image data each corresponding to
one of the sub-pieces of color image data of the
piece of initial color image data, the number of
the pieces of mono-color image data being
equal to or larger than the number of the color
components;
data processing means for effecting a prede-
termined processing on each piece of mono-
color image data to provide secondary image
data; and
secondary image data outputting means for
providing the secondary image data,
one or more pieces of mono-color image data,
which belong to one of the plurality of color
components, being included in the pieces of
mono-color image data of the number equal to

or larger than the number of the color compo-
nents; and
the total number of the data points of the pieces
of mono-color image data being equal to the
number of the data points of the piece of initial
color image data while the number of the pieces
of mono-color image data being equal to or
larger than the number of the color compo-
nents.

2. An image processing apparatus according to claim
1 wherein the number of the data points of the sec-
ondary image data is equal to or less than the
number of the data points of the initial color image
data.

3. An image processing apparatus according to claim
1 or 2 wherein the secondary image data includes
the color image data and/or the mono-color image
data.

4. An image processing apparatus according to claim
1, 2 or 3 wherein the initial color image data includes
color data pertaining to the color components of the
RGB system, the color data being provided by a
color-picture taking device equipped with a photo-
detector of Bayer primary color component ar-
rangement, comprising a spatial-recurrent arrange-
ment of minute structures having first red-sensitive
detection cells, second green-sensitive detection
cells, third blue-sensitive detection cells and fourth
green-sensitive detection cells all arranged in pre-
determined positions; and the data dividing means
is adapted to separate the initial color image data
into "R" data corresponding to the "R" component
from the first detection cells, "G1" data correspond-
ing to the "G" component from the second detection
cells, "B" data corresponding to the "B" component
from the third detection cells, and "G2" data corre-
sponding to the "G" component from the fourth de-
tection cells, thus providing a total of four pieces of
mono-color image data.

5. An image processing apparatus according to claim
1, 2 or 3 wherein the initial color image data includes
color data pertaining to the color components of the
RGB system, the color data being provided by a
color-picture taking device equipped with a photo-
detector of Bayer primary color component ar-
rangement, comprising a spatial-recurrent arrange-
ment of minute structures having first red-sensitive
detection cells, second green-sensitive detection
cells, third blue-sensitive detection cells and fourth
green-sensitive detection cells all arranged in pre-
determined positions; and the data dividing means
is adapted to separate the initial color image data
into "R" data corresponding to the "R" component
from the first detection cells, "B" data corresponding
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to the "B" component from the third detection cells,
"G1" data representing the low-frequency compo-
nent of the "G" component from the fourth detection
cells and "G2" data representing the high-frequency
component of the "G" component from the fourth
detection cells, thus providing a total of four pieces
of mono-color image data.

6. An image processing apparatus according to claim
4 or 5 wherein the data dividing means includes da-
ta converting means for effecting the low-pass fil-
tering on "R" data and "B" data next to the said "R"
data and "B" data respectively, and for effecting
conversion on each "R" and "B" pixel in respect of
pixel position and pixel value to determine the cor-
responding pixel position and value at the center
each of the 2 x 2 minute structures of "R", "G1", "B"
and "G2".

7. An image processing apparatus according to claim
4, 5 or 6 wherein the data processing means in-
cludes: data transforming means for effecting
RGB-YUV conversion on the said "R" data, "G1" da-
ta and "B" data, thus providing Y1UV data consist-
ing of Y1 data for Y component, "U" data for U com-
ponent and "V" data for V component; and image
data forming means for forming as the said second-
ary image data an image data including the Y1UV
data and/or G2 data..

8. An image processing apparatus according to claim
4, 5 or 6 wherein the data processing means in-
cludes: data transforming means for effecting
RGB-YUV conversion on the said "R" data, "G1" da-
ta and "B" data, thus providing "Y1UV" data consist-
ing of "Y1" data for "Y" component, "U" data for "U"
component and "V" data for "V' component, and for
effecting RGB-YUV conversion on the
said "R" data, "G2" data and "B" data, thus
providing "Y2" data for "Y" component; and image
data forming means for forming as the said second-
ary image data an image data including the
"Y1UV" data and/or "Y2" data..

9. An image processing apparatus according to claim
8 wherein the data processing means further in-
cludes: data forming means for forming from
the "Y1" and "Y2" data "Y" data which is a
single "Y" component data; and image data forming
means for forming the secondary image data as in-
cluding any one or all of the "Y" data, "U" data
and "V" data.

10. An image processing apparatus according to claim
1, 2 or 3 wherein the initial color image data is from
a color-picture taking device using a complementa-
ry color filter.

11. An image processing apparatus according to any of
claims 1 to 10 wherein the data processing means
further including data reducing means for reducing
a selected part or parts of the "U" data and/or
the "V" data.

12. An image processing apparatus according to any of
claims 1 to 11 wherein the data processing means
further includes data compressing means for effect-
ing a predetermined data compression.

13. An image processing apparatus according to any of
claims 4 to 12 wherein it further comprises: second-
ary image data inputting means for inputting the
secondary image data; mono-color image data
forming means responsive to the secondary image
data from the secondary image data inputting
means for forming three pieces of mono-color im-
age data, that is, a piece of red image data consist-
ing of only the red component, a piece of blue image
data consisting of only the blue component, and a
piece of green image data consisting of only the
green component; interpolated mono-color image
data forming means for effecting a predetermined
interpolation on each of the three pieces of mono-
color image data, and for forming three pieces of
interpolated mono-color image data, of which the
number of data points is equal to the number of data
points of the piece of initial color image data; and
interpolated mono-color image data outputting
means for outputting the three pieces of interpolat-
ed mono-color image data.

14. A digital camera equipped with an image process-
ing apparatus according to any of claims 1 to 13.

15. A portable information terminal equipped with an
image processing apparatus according to any of
claims 1 to 13.

16. An image output unit for outputting one or more
pieces of image data from a piece of color image
data including a plurality of sub-pieces of color im-
age data pertaining to the plurality of color compo-
nents respectively comprises: initial color image in-
putting means for inputting an initial color image da-
ta; data dividing means responsive to the initial
color image data from the initial color image input-
ting means for dividing it in respect of color compo-
nents and for providing pieces of mono-color image
data each corresponding to one of the sub-pieces
of color image data of the piece of initial color image
data, the number of the pieces of mono-color image
data being equal to or larger than the number of the
color components; secondary image data forming
means for forming from the pieces of mono-color
image data a piece of secondary color image data
and/or pieces of secondary mono-color image data;

17 18



EP 1 530 376 A1

11

5

10

15

20

25

30

35

40

45

50

55

and outputting means for providing the piece of sec-
ondary color image data and/or the pieces of sec-
ondary mono-color image data, one or more pieces
of mono-color image data, which belong to one of
the plurality of color components, being included in
the pieces of mono-color image data of the number
equal to or larger than the number of the color com-
ponents; and the total number of the data points of
the pieces of mono-color image data being equal to
the number of the data points of the piece of initial
color image data while the number of the pieces of
mono-color image data being equal to or larger than
the number of the color components

17. An image output unit according to claim 16 wherein
the total number of the data points of the secondary
image data and those of the secondary mono-color
image data is equal to or less than the number of
the data points of the initial color image data.

18. An image output unit according to claim 16 wherein
the initial color image data includes color data per-
taining to the color components of the RGB system,
the color data being provided by a color-picture tak-
ing device equipped with a photo-detector of Bayer
primary color component arrangement, comprising
a spatial-recurrent arrangement of minute struc-
tures having first red-sensitive detection cells, sec-
ond green-sensitive detection cells, third blue-sen-
sitive detection cells and fourth green-sensitive de-
tection cells all arranged in predetermined posi-
tions; and the data dividing means is adapted to
separate the initial color image data into "R" data
corresponding to the "R" component from the first
detection cells, "G1" data corresponding to
the "G" component from the second detection
cells, "B" data corresponding to the "B" component
from the third detection cells, and "G2" data corre-
sponding to the "G" component from the fourth de-
tection cells, thus providing a total of four pieces of
mono-color image data; the secondary color image
data including the "R" data, "G1" data and "B" data;
and the secondary mono-color image data includ-
ing the "G2" data.

19. An image output unit according to claim 18 wherein
the secondary image data forming means includes:
data transforming means for effecting RGB-YUV
conversion on three pieces of mono-color image
data selected from the four pieces of mono-color im-
age data; and image data forming means for form-
ing the secondary image data as including the post
RGB-YUV conversion data.

20. An image processing method for processing pieces
of color image data each including a plurality of sub-
pieces of color image data pertaining to the plurality
of color components respectively comprising the

steps of:

inputting an initial color image data to be proc-
essed;
dividing the initial color image data in respect
of color components and
providing pieces of mono-color image data
each corresponding to one of the sub-pieces of
color image data of the piece of initial color im-
age data, the number of the pieces of mono-
color image data being equal to or larger than
the number of the color components;
effecting a predetermined processing on each
piece of mono-color image data to provide sec-
ondary image data; and
outputting the secondary image data,
one or more pieces of mono-color image data,
which belong to one of the plurality of color
components, being included in the pieces of
mono-color image data of the number equal to
or larger than the number of the color compo-
nents; and the total number of the data points
of the pieces of mono-color image data being
equal to the number of the data points of the
piece of initial color image data while the
number of the pieces of mono-color image data
being equal to or larger than the number of the
color components.

21. An image processing method according to claim 20
wherein the number of the data points of the sec-
ondary image data is equal to or less than the
number of the data points of the initial color image
data.

22. An image processing method according to claim 20
or 21 wherein the secondary image data includes
the color image data and/or the mono-color image
data.

23. An image processing method according to claim 20,
21 or 22 wherein the initial color image data in-
cludes color data pertaining to the color compo-
nents of the RGB system, the color data being pro-
vided by a color-picture taking device equipped with
a photo-detector of Bayer primary color component
arrangement, comprising a spatial-recurrent ar-
rangement of minute structures having first red-
sensitive detection cells, second green-sensitive
detection cells, third blue-sensitive detection cells
and fourth green-sensitive detection cells all ar-
ranged in predetermined positions; and at the data
dividing step the initial color image data is divided
into "R" data corresponding to the "R" component
from the first detection cells, "G1" data correspond-
ing to the "G" component from the second detection
cells, "B" data corresponding to the "B" component
from the third detection cells, and "G2" data corre-
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sponding to the "G" component from the fourth de-
tection cells, thus providing a total of four pieces of
mono-color image data.

24. An image processing method according to claim 23
or 24 wherein the initial color image data includes
color data pertaining to the color components of the
RGB system, the color data being provided by a
color-picture taking device equipped with a photo-
detector of Bayer primary color component ar-
rangement, comprising a spatial-recurrent arrange-
ment of minute structures having first red-sensitive
detection cells, second green-sensitive detection
cells, third blue-sensitive detection cells and fourth
green-sensitive detection cells all arranged in pre-
determined positions; and at the data dividing step
the initial color image data is divided into "R" data
corresponding to the "R" component from the first
detection cells, "B" data corresponding to
the "B" component from the third detection
cells, "G1" data representing the low-frequency
component of the "G" component from the fourth
detection cells and "G2" data representing the
high-frequency component of the "G" component
from the fourth detection cells, thus providing a total
of four pieces of mono-image data.

25. An image processing method according to claim 23
or 24 wherein it further comprising the step of ef-
fecting RGB-YUV conversion on the said
"R" data, "G1" data and "B" data and/or the step of
effecting RGB-YUV conversion on the
said "R" data, "G2" data and "B" data.
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